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PULMONARY HYDROPHOBIC 
SURFACTANT -ASSOCIATED PROTEINS 

5 



Background 

The present application relates to pulmonary 
hydrophobic surfaction associated proteins ("SAPs") and 
15 methods for the isolation and use thereof. In 

particular, the present application relates to SAP(Val), 
methods for isolation thereof and methods for the use 
thereof. 

Hyaline membrane disease ("HMD") is a common 
20 disorder of premature infants and is related to diffuse 
atelectesis, hypoxia and resultant respiratory 
impairment. More particularly, HMD relates to the lack 
of vital pulmonary materials necessary for reducing 
surface tension in the airways of the alveoli. As a 
25 result, the alveoli or terminal respiratory sacs of 
patients suffering from HMD normally collapse. And, 
because the surface tension at the gas-liquid interface 
in HMD patients is elevated, their alveoli or terminal 
respiratory sacs are very difficult to reinflate. 
30 Consequently, HMD may be associated with significant 
morbidity and mortality, especially in premature 
infants . 

Present treatments for HMD employ high 
concentrations of oxygen, positive pressure and/or 
35 mechanical ventilation to maintain adequate 

oxygenation. Such treatments are complicated by oxygen- 
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and pressure-related injuries as well as by injuries 
resulting from the need to mechanically access the 
airway via endotracheal tubes. 

Another approch to treatment of HMD and other 
5 syndromes associated with a lack of pulmonary surfactant 
material involves the use of replacement pulmonary 
surfactant material. Other syndromes associated with a 
lack of pulmonary surfactant material include adult 
respiratory distress syndrome ( "ARDS" ) caused by, for 

10 example, trauma, sepsis, smoke inhalation and myocardial 
infarction. In addition, syndromes associated with a 
lack of pulmonary surfactant material include any 
chronic obstructive pulmonary diseases, pneumonia or 
other conditions resulting in damage to pulmonary type 

15 II cells. 

Therapy for syndromes associated with a lack 
of pulmonary surfactant material may include the use of 
aerosolized or liquid synthetic phospholipid mixtures, 
natural pulmonary surfactant material and various 

20 preparations of surfactant material prepared from animal 
lung. The surface tension lowering ability of naturally 
derived preparations is in general better than that of 
synthetic lipid preparations. Modified bovine 
surfactants are also proposed for use in such 

25 : preparations. However, problems with. human and animal 
pulmonary preparations include batch-to-batch 
variability and possible infection and immunologic 
risks . 

When treating patients for HMD, it is 
30 important to employ only the required active substances 
in order to minimize possible adverse immunologic 
consequences of therapy. Unfortunately, because the 
available natural pulmonary surfactant material and 
preparations are in crude form, they are less specific 
35 and are possibly associated with greater immunologic 
risks . 
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Natural pulmonary surfactant is a complex 
material composed primarily of phospholipids and 
surfactant-associated proteins or apolipoproteins . The 
phospholipids, mainly phosphat idycholine ("PC"), 
5 disaturated phosphatidycholine ("DSPC") and 

phosphatidylglycerol ("PG"), are of paramount importance 
for the physiological role of natural pulmonary 
surfactant material in reducing surface tension in the 
alveoli. Phospholipids, of which DSPC is" the principal 

10 component, are synthesized in the endoplasmic reticulum 
of Type II epithelial cells, packaged into lamellar 
bodies, then secreted into the alveolar space by an 
exocyt-otic process. It is believed that several of the 
phospholipids are not catabolized and resynthesized , but 

15 that they are reutilized, primarily as intact molecules, 
and that they constitute the major components of the 
natural pulmonary surfactant material. 

With respect to the surfactant-associated 
proteins or apolipoproteins, there is considerable 

20 disagreement as to their identity and utility. 

Nonetheless, there is an increasing agreement that, in 
addition to the lung surfactant phospholipids, at least 
some apolipoproteins are vital for the full biological 
activity of the natural pulmonary surfactant material in 

25 . reducing surface tension in the alveoli. 

Surfactant-associated proteins or 
apolipoproteins include both serum- and lung-specific 
proteins. The major lung specific surfactant-associated 
protein of M r =30-40,000 daltons is identified in lung 

30 surfactant by King et al . , Am. J. Physiol . , 244 , 788-795 
(1973), is a glycoprotein which is rich in glycine and 
which contains a collagen-like region rich in 
hydroxyproline . This protein, herein called SAP-35, is 
synthesized from M r =28-30,000 dalton translation 

35 products which undergo glycosy lat ion , hydroxylation of 
proline residues and sulf hydryl-dependent cross-linking 



to form large oligomers which may be detected in the 
airway. Proteolytic fragments of SAP-35 are found in 
protein preparations isolated from lavage of patients 
with alveolar proteinosis and from other mammalian 
surfactants migrating as proteins of small molecular 
weight [Whitsett et al . , Pediatr. Res. , 19, 501-508 
(1985)]. While the glycoprotein SAP-35 binds 
phospholipids and may confer the structural organization 
of tubular myelin to surfactant lipids, SAP-35 may not 
be required for the biophysical activity of 
surfactants. See King et al., J. AddI . Physiol. , 42, 
483-491 (1977). 

Smaller lung specific surfactant-associated 
proteins are also identified from a variety of mammalian 
surfactants. A 10,000-12,000 dalton protein may be 
present in pulmonary surfactant material [King et al . , 
Am. J. Physiol , 223 , 715-726 (1972)]. This protein is 
now believed to be a fragment of the major glycoprotein 
SAP-35. Smaller surfactant-associated proteins may be 
present in alveolar lavage material from a number of 
species and may have molecular weights of approximately 
10,000 daltons in the dog and the rabbit, 10,500-14,000 
daltons in the rat, 11,500-16,500 daltons in the pig, 
and 10,000 daltons in the cow. 

The -nature of and the relationships among 
these various smaller surfactant-associated proteins and 
the larger protein, SAP-35 or its fragments, have not 
been established. Nevertheless, Suzuki et al . , 
Lipid. Res. , 23, 53-61 (1982), suggests that a small 
15,000 dalton protein in pig alveolar lavage may' have a 
greater affinity for lipid than SAP-35. However, Suzuki 
et al. does not distinguish this protein from SAP-35 or 
its fragments and does not demonstrate surfactant 
properties in a purified state. Rather, Suzuki et al. 
only suggests that this 15,000 daltons protein is 
possibly a physiological regulator for the clearance of 
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alveolar phospholipid. A small SAP protein is reported 
to be isolated from rat alveolar lavage by isolation 
methods involving ether/ethanol treatment, 
chlorof orm/methanol extraction, and chloroform/me thahol 
5 elution from a silicic acid column, and is reported to 
increase the uptake of liposome by cultured Type II 
epithelial cells [Claypool et al. , J ♦ Clin . Invest . , 7 4 , 
677-684 (1984)]. 

Wang et al . , Fed. Proc. , 44 , 1024 (Abstract) 

10 (1985), describes two distinct small molecular weight 

proteins in rat lung surfactant one of which is soluble 
in ethanol, the other of which is soluble in 
ether/ethanol. However, these proteins are not reported 
as purified or characterized, and surfactant-like 

15 activity is not identified. Wang et al. indicate that 
these small molecular weight proteins may be involved 
with surfactant recycling. The smaller molecular weight 
proteins, such as those discussed above, may arise as 
proteolytic fragments of the larger SAP-35 molecule. 

20 However, it is unclear whether SAP-35, one or more of 
the smaller proteins, or all proteins together are 
active components imparting biophysical activity to 
natural mammalian pulmonary surfactant. 

Tanaka et al., Chem. Pharm. Bull. , 31 , 4100- 

25 4109 ( 1983) describes a 10.,000 molecular weight protein 
isolated by chloroform extraction of a fraction of 
minced bovine lung. 

Fujiwara et al., Biochem. , Biophys. Res. 
Comm. , 135 , 527-532 ( 1986 ), report s the isolation of a 

30 5,000 dalton molecular weight proteolipid which, based 
on biophpysical testing, may have surface activity when 
mixed with phospholipids. However, this protein is not 
well-characterized in Fujiwara et al. The reported 
amino acid composition of a hydrophobic, small molecular 

35 weight protein of M r =5,000 isolated from bovine 

surfactant extracts appears to be similar to, but is 
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distinguished by a paucity of valine residues in a 
reported amino acid composition from, a surfactant- 
associated protein. according to the present invention, 
SAP(Val), the amino acid sequence of which is 
5 identifiable by a high number of valine residues. 

[Takahashi et al . , Biochem. J. , 236, 85-89 (1986)]. A 
small molecular weight protein with composition 
consistent with the protein previously termed 
"surfactant apolipoprotein B" [King et al., Am. J. 
10 Physiol. , 224, 788-795 (1973)] is identifiable as a C- 
■ terminal domain of SAP-35 [Ross et al., J. Biol. Chem., 
261 , 14283-14291 (1986)]. Mixtures of phospholipids and 
a surfactant-associated protein of 35,000 daltons, SAP- 
35, or its fragments are reported to have relatively 
15 weak surface active properties compared to the 

surfactant proteolipids M r =6 , 000-14 , 000 [Whitsett et 
al., Pediatr. Res. , 20, 460-467 (1986); and Ross et al . , 
J. Biol. Chem. , 261, 14283-14291 (1986)]. 

In Schilling et al., ?CT Application No. 
20 WO86/03408, a human 35,000 dalton protein and nonhuman 
10,000 dalton proteins are described. Schilling et al. 
indicates that both classes of proteins may be needed to 
confer full biophysical activity upon surfactant 
phospholipids. Schilling et al. also discloses a 
25 complete DNA sequence encoding the 35,000 dalton 

protein, ' NH 2 -terminal amino acid sequences for the 
10,000 dalton nonhuman proteins and a preliminary (81 
bp) partial sequence for a human cDNA clone for the 
10,000 dalton protein. The 10,000 dalton canine and 81 
30 bp human sequences have substantial regions indentical 
in sequence to the sequence of human SA?(?he) according 
to the present invention. 

In Taeusch, PCT Patent Publication No. WO 
87/02037, two separate proteins are characterized by 
35 molecular weights of about 35 kd and two separate 

proteins are characterized by molecular weights of about 
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5.5-9 kd. The two approximately 6 kd proteins differ 
significantly from each other with respect to amino acid 
composition, as well as from the protein described in 
Tanaka, Chem. Pharm. Bull. , 311 , 4100 (1983). 
5 Additionally, the N-terrninal peptide sequence of the 

cold butanol-insoluble 6 kd protein is disclosed as well 
for a cDNA and deduced amino acid sequence for human 
SAP(Phe) . 

Monoclonal antibodies raised against alveolar 

10 surfactant protein are disclosed in Lewicki, U.S. Patent 
No. 4,562,003. 

Hydrophobic small molecular weight proteins 
soluble in organic solvents are detectable" 'in a variety 
of mammalian surfactants [Phizackerly et al., Biochem. 

15 183 , 731-736 (1979); Tanaka et al . , Chem. Pharm. 

Bull . , 31 , 4100-4109 (1983); Suzuki, J. Lipid Res . , 2_3, 
62-69 (1982); Claypool et al . , J. Clin. Invest . , 74, 
677-684 (1984); Yu et al., Biochem. J. , 236 , 85-89 
(1986); Takahashi et al., Biochem. Biophys. Res. 

20 Commum . , 135 527-532 (1986); Whitsett et al., Pediatr . 
Res . , 20 , 460-467 (1986); and Whitsett et al., Pediatr 
Res . , 20 , 744-749 (1986)]. SAPs, identifiable as 
proteins of M r 6,000-14,000 are identified in the ether- 
ethanol extracts of surfactant preparations used 

25 clinically for treatment of hyaline membrane disease 
[Whitsett et al., Pediatr. Res. , 20 , 460-467 (1986); 
Whitsett et al., Pediatr Res . , 20 , 744-749 (1986); 
Fujiwara et al., Lancet , 1, 55-59 (1980); Enhorning et 
al., Pediatrics , 76 , 145-153 (1985); and Kwong et al . , 

30 Pediatrics , 76 , 585-592 (1985)]. cDNAs encoding one of 
these proteins, human surfactant proteolipid with amino 
terminus of phenylalanine, designated herein as 
"SA?(Phe), M an M r =7,500 peptide derived from an 
M r =40,000 precursor, are disclosed in Glasser et al., 

35 Proc. Nat'l Acad. Sci. (USA) , 84, 4007-4011 (1987) and 
Jacobs et al., J. Biol. Chem. , 262 , 9808-9811 (1987). 
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cDNA encoding a protein homologous to SAP(Phe), SP-18, 
is reported to be isolated from canine lung [Hawgood et 
al., Proc. Nat'l Acad. Sci. (USA) , 84, 166-170 
(1987)]. Reconstitution of small molecular weight 
5 weight surfactant proteins with synthetic phospholipids 
imparts virtually complete surfactant-like properties to 
the mixture, including rapid surface absorption and 
decreased surface tension during dynamic compression [ Yu 
et al., Biochem. J. , 236 , 85-89 (1986); and Takahashi et 
10 al., Biochem. Bioohvs. Res. Commum. , 135 , 527-532 
(1986)]. 

Summary of the Invention 

15 SAP(Val) and SAP(Phe) according to the present 

invention are isolated, substantially pure, hydrophobic 
surfactant-associated proteins of 4,000-7,000 dalton 
simple molecular weight which, when isolated from animal 
tissue, comprise at least two hydrophobic proteins of 

20 molecular weights of 4,000-7,000 daltons each and may 

also comprise larger multimers thereof. It may be noted 
that SAP(Val) is also referred to in publications as 
"SAP-6 (Val) , " as SPL(pVAL)" and as "SP-C. " Similarly, 
SAP(Phe) is referred to in publications as " SAP-6 ( Phe ), " 

25 "SPL-(Phe)" and "SP-3." 

Hereinafter, discussions related to SAP(Val) 
and SAP(Phe) are intended to apply to isolates; 
recombinant form; multimers; chemically or enzyma t ically 
synthesized forms; deletion, substitution or addition 

30 analogs; and analogs based on a hydropathy profile or on 
secondary and tertiary structure. 

SAP(Val) and SAP (Phe) , when combined with 
lipids, have significant pulmonary biophysical 
surfactant activity that may be utilized to effectively 

35 treat and prevent HMD and other syndromes associated 

with lack or insufficient amounts of natural pulmonary 
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surfactant material. Although it is presently believed 
that SAP(Val) and SAP(Phe) are lung-specific, their 
pulmonary biophysical surfactant activity is believed 
not to be species-specific. Therefore/ SAP(Val) and 
5 SAP(Phe) may be purified from animal tissue, 

specifically pulmonary tissue or amniotic fluid, 
extracted from a variety of animals, such as dog, cow, 
human, pig, rabbit, rat and the like, or made by 
recombinant DNA methods or direct peptide synthesis. 

10 The concentration of SAP(Val) and SAP(Phe) in pulmonary 
tissue and lavage is probably greater than that found in 
aminotic f luid . ... Wi th respect to other animal tissues or 
fluid, however, SAP(Val) and S'AP(Phe) are believed to be 
present in substantially smaller or undetectable 

15 concentrations or completely absent. 



. are combined with lipids, they enhance the surfactant 
properties of the lipids imparting to the combination 
significant pulmonary biophysical surfactant activity. 

20 As a result of this remarkable property, such a 
combination is highly useful for replacing or 
supplementing natural pulmonary surfactant material and 
for reducing or maintaining normal surface tension in 
the lungs, especially in the lungs of patients suffering 

25 from HMD and other syndromes associated with the lack or 
insufficient amounts of natural pulmonary surfactant 
material. 3ecause SAP(Val) and SAP(Phe) may be highly 
purified from animal tissue, or made by recombinant DNA 
techniques or by direct peptide synthesis, the 

30 immunologic risks currently associated with the less 

pure preparations available heretofore for treating or 
preventing HMD or related syndromes are substantially 
reduced . 



"SAP(Val) or SAP(Phe)" are used interchangeably herein, 



It is believed that when SAP(Val) and SAP(Phe) 



35 



It is to be understood that the terms 
hydrophobic surfactant-associated protein" and 
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and that whenever referenced herein, they are meant to 
Include any small hydrophobic surfactant-associated 
proteins having surfactant-like activity, having simple 
molecular weights of about 4,000-7,000 daltons 
determined in polyacrylamide gels containing sodium 
dodecyl sulfate and having substantial resistance to 
protease enzymes, endoglycosidase F and collagenase. 
These terms are also meant to include any such proteins 
or polypeptides having surfactant-like activity which 
are made by recombinant DMA methods or direct peptide 
synthesis comprising the amino acid sequences of such 
hydrophobic surfactant-associated proteins or 
translations of DNA sequences or portions thereof 
encoding such proteins, or deletion, substitution, or 
addition analogs of such proteins. 

It is also to be understood that the term 
"hybridization" as used herein is meant to encompass 
conditions within a range of functional equivalents to 
and generally according to the conditions set forth in 
Examples 6, 7, 11, 12, 15 and 16. 

The present invention further resides in a 
method of separating SAP(Val) from animal tissue which 
involves separating the animal tissue into a particulate 
fraction and a liquid fraction, and extracting SAP(Val) 
in a substantially pure state from the liquid 
fraction. The methods substantially reduces risks 
currently associated with the less pure preparations 
available heretofore for treating or preventing HMD or 
related syndromes. 

The methods of . this invention are further 
concerned with separating SAP(Val) from the larger, 
novel hydrophobic mul timers thereof by, for instance, 
gel electrophoresis or other suitable techniques. 

Also described are methods for isolating genes 
encoding SAP(Val) and SAP(Phe), the characterization of 
these genes, and methods for making SAP(Val) by 
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recombinant DNA methods and direct peptide synthesis. 

In accordance with the present invention, 
SAP(Val) and SAP(Phe) may also be made by recombinant 
DNA methods. The following are examples of such 
5 methods. In summary, human lung poly(A) + RNA was used 
as a template to synthesize complementary DNA (cDNA) 
copies of which were subsequently cloned into a lambda 
vector in E . coli . cDNA copies of the genes encoding 
SAP(Val) and SAP(Phe) were identified, and then 

10 characterized by DNA sequence analysis. These DNA 
sequences allowed for further characterization of 
SAP(Val) and SAP(Phe) by comparison with the amino acid 
sequences for both SAP(Val) and SAP(Phe). In addition, 
the cDNA encoding SAP(Phe) was expressed as a fusion 

15 product with the S. coli s-galactosidase (lacZ) gene, and. 
the resulting expressed gene product has been shown to 
be antigenic by reacting with polyclonal antisera 
specific for SAP(Phe). 

Polypeptides may be made by chemical or 

20 enzymatic synthesis based on the sequences given herein 
including the NK 2 -terminal amino acid sequences given in 
Tables 2 and 3 and the translation of DNA sequences 
given in FIGS. 5 and 6. These chemically synthesized 
polypeptides include replicas of the amino acid 

25 sequences of SAP(Val) or SAP(Phe) or translations of DNA 
sequences encoding SAP(Val) or SAP(Phe) or portions of 
these sequences, as well as addition, deletion and 
substitution analogs of such replicas. The synthetic 
polypeptides may then be combined with lipids for 

30 surfactant preparations. Although these synthetic 
polypeptides may have a molecular weight less than 
SAP(Val) or SAP(Phe) isolated from animal tissue, it is 
to be understood that the terms "SAP(Val)" and 
"SAP(Phe)," as used herein, encompasses these synthetic 

35 peptides. 

In particular fragments of synthetic peptides 
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having less than all, more particularly less than 75% 
and especially less than 50% of the coding region of 
SAP(Phe) or SAP(Val) are provided according according to 
the present inventor. 
5 The present invention also includes novel 

medicaments, preparations, and methods employed to treat 
animals, including humans, suffering from HMD and other 
syndromes related to the lack or insufficient amounts of 
natural pulmonary surfactant material. Antibodies and 
10 antisera according to the present invention may be made 
which are directed against SAP(Val) or SAP(Phe). 



Brief Description Of The Figures 

15 FIG. 1 is an illustration of an SDS-PAGE 

preparation of SAP(Val) isolated from bovine lung; 

FIG. 2 is an illustration of an SDS-PAGE 
preparation of SAP-6 from human, canine and bovine 
lung. 

20 FIG. 3 is a nucleotide sequence and deduced 

amino acid translation of a partial cDNA clone encoding 
SAP(Phe) ; 

FIG. 4 is a schematic depiction of the 
structure of SAP(Val) cDNA clones according to the 
25 present invention; 

FIG. 5 is a nucleotide sequence and deduced 
amino acid translation of complete SAP(Val) cDNA ; 

FIG. 6 is a nucleotide sequence and deduced 
amino acid translation of complete SAP(Phe) cDNA; 
30 FIG. 7 is a flow chart of the construction of 

a lacZ/SAP-6-Phe fusion product; 

FIG. 8A is an illustration of the organization 
of the SAP(Phe) gene and FIG. 8B is a nucleotide 
sequence of a genomic clone encoding of SAP(Phe); 
35 FIG. 9 depicts restriction maps and 

illustrates the organization of two SAP(Val) genes; 
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at Mr=65 , 000-70 , 000 . Standard molecular weight markers 
are seen on the right. There is the possibility that 
SAP(Phe) is migrating between the 6,000 and 14,000 
molecular weight regions, which may arise as a result of 
5 proteolysis of a precursor protein. Thus, there may be 
a slight heterogeneity of the forms between 6,000 and 
14,000 which may reflect variable proteolytic processing 
of both SAP(Phe) and SAP(Val) precursors. 

Therefore, at least two distinct 4,000-7,000 

10 dalton SAP monomers exist that are believed to co-elute 
together, to co-purify together via gel electrophoresis 
migration, to have similar molecular weights of about 
4,000-7,000 daltons determined in a polyacrylamide gel 
containing sodium dodecyl sulfate, to have similar 

15 biophysical surfactant-like activity and to have similar 
enzyme resistance. Further, it is believed that the 
larger multimers, i.e., M r =18,000 and 26,000, resulting 
from one or more SAP(Val) and/or SAP(Phe) monomers are 
possibly bonded together via sulfhydryl bonds in view of 

20 their migration patterns in the absence and presence of 
3-mercapoethanol , as illustrated in FIGS. 1 and 2. 
Therefore, it should be understood that any 4,000-7,000 
dalton hydrophobic surfactant-associated proteins, 
SAP(Val) and SAP(Phe), are well within the contemplation 

25 of this invention. 

EXAMPLE 4 
Extraction of mRNA 

30 

RNA was extracted from lung tissue of an adult 
male immediately after death. Tissue was provided by 
the National Diabetes Tissue Interchange, Washington, 
D.C. The RNA was extracted by the method of Chirgwin et 
35 al., 3iochem. , 18, 5294-5499 (1979). Poly(A) + RNA was 
isolated by purification through oligo(dT) column 
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chromatography essentially as described in Maniatis et 
al., Molecular Cloning - A Laboratory Manual , Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York 
(1982) (hereinafter referred to as Maniatis et al.). A 
5 cDNA library was constructed in X gtll as described by 
Young et al., Proc. Nat'l Acad. Sci. (USA) , 80, 1194- 
1198 (1983). 

EXAMPLE 5 

10 

Immunological Screening of cDNA Library 

Polyclonal rabbit antisera were raised against 
bovine surfactant proteolipid, prepared from 

15 chlorof orm/methanol extraction of bovine lung surfactant 
[ see Notter et al., Chem. Phvs . Lipids , 33 , 67-80 
(1980), and were preabsorbed to minimize nonspecific 
background to E. coli proteins in a screening 
procedure. The preabsorpt ion was done by the following 

20 procedure. An E. coli strain Y1090 lysate was disrupted 
by treatment with EDTA (pH 8.0) followed by sonication 
on ice with six bursts from a Branson sonifier at 50 
watts for 10 seconds each. The sonicate was centrifuged 
at low speed to clear the supernatant. This supernatant 

25 was incubated with the above antisera for 48 hours at 
4°C, then centrifuged to remove antibody/antigen 
complexes. 

The library was plated on E. coli strain Y1090 
at 20,000 pfu per 150 mm dish, grown for 5 hours at 

30 42°C. and then blotted to nitrocellulose filters soaked 
in 10 mM isopropyl thiogalactoside (IPTG). Filters were 
incubated overnight at 37°C. and then blocked for 1 hour 
at 4°C. in 50 mM Tris HC1, pH 7.4, 150 mM NaCl (TBS), 
and 50 gm/L powdered milk. Primary antibody reactions 

35 were conducted at a dilution of 1:1000 by incubation 
with the filters at 4°C. overnight. The filters were 
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then incubated with horseradish peroxidase conjugated 
goat anti-rabbit IgG (GAR-HRP) at a dilution of 1:3000 
at 4°C. for 16 hours. Color was developed with 
4-chloro-l-napthol for 3-5 minutes and reactions were 
5 then terminated by serial washings in distilled H 2 0. 

Second and third screens were performed at 10-fold and 
100-fold less phage per plate to identify isolated 
plaques . 

10 EXAMPLE 6 

Synthesis Of Oligonucleotide Probes 

An oligonucleotide of mixed sequence was made 

15 using the phosphoramidi te method of Matteucci and 

Caruthers, J. Am. Chem. Soc , 103 , 3185-3191 (1981) on 
an Applied Biosystems DNA synthesizer Model No. 380A. 
The sequence for the probes was (GTN)gG wherein N is 
either deoxycy tidine or deoxyinosine [Wood et al . , Proc . 

20 Nat ' 1 Acad. Sci. (USA) , 52, 1585-1588 (1985)]. This 
sequence was based on the stretch of valine residues 
seen in human, canine and bovine SAP(Val) NH 2 ~terminal 
amino acid sequences shown in Table 2. The uniqueness 
of the valine stretch in SAP(Val) allowed for remarkable 

25 selectivity- in the screening of the cDMA library. Due 
to the codon redundancy in this region, it would not 
have been feasible to utilize this region as a template 
for a probe without the use of deoxyinosine and the 
selection of deoxycy tidine as a preferred base in the 

30 third position. 

A second oligonucleotide probe was synthesized 
corresponding to the reverse translation of the 9 amino 
acids of the NH 2 -terminal sequence of human SAP(Phe) 
seen in Table 2. The sequence of this probe was 

35 5 ' — CCAICAITAIGGIATIGGIATIGGIAA— 3 ' , where I stands for 
deoxyinosine. 
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EXAMPLE 7 

5 Screening With Oligonucleotide Probes 

The positive clones selected with bovine 
surfactant polyclonal antisera were plated out by 
spotting 1 ul of a phage supernatant on a lawn of E. 
10 coli strain Y1090 (A lac U169 pro A + Ion ara D139 strA 
supF {trpC 22:TnlO} pMC9 ) (Clontech Laboratories, Palo 
Alto, California). The plates were incubated at 42°C. 
for 5-6 hours and "then removed and overlaid with 
nitrocellulose filters. The filters were removed and 
15 denatured in 1.5 M NaCl, 0.5 M NaOH for 1 minute, 

neutralized in 0.5 M Tris, pH 8.0, 1.5 M NaCl for 5 
minutes, rinsed in 2 X SSPE (20 X SSPE =3.6 M NaCl, 
200 mM NaH 2 P0 4 , 20 mM EDTA, pH 7.4), 'and air dried. The 
filters were then baked for 1 hour at 80°C. in a vacuum 
20 oven. Filters were prehybr idized for 6 hours at 45°C. 

in prehybridization buffer (5 X SSPE, 5 X Denhardfs, • 
50 mM sodium phosphate pH 7.0, 1 mM sodium 
pyrophosphate, 100 uM ATP, 50 ug/ml boiled salmon sperm 
DNA) . While the filters were prehybr idiz ing , the 
25 SAP(Val) oligonucleotide probe described in Example 6 
was end-labeled with T 4 polynucleotide kinase and 
r _32 p _ AT p essentially as described by Maniatis et al., 
"Molecular Cloning: A Manual," Cold Spring Harbor, Mew 
York (1982). The SAP(Val) probe was added to the 
30 prehybridization buffer at a concentration of 

approximately 12 ng/ml, the filters were added, and 
incubated at 30°C. overnight. The filters were then 
washed in 0.2 X SSPE, 0.1% sodium dodecyl sulfate (SDS) 
at room temperature for 30 minutes, then at 32°C. for 4 
35 minutes in fresh wash solution. They were then air- 
dried and subjected to autoradiography. This procedure 
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was repeated with a second set of filters using the 
SAP(Phe) probe described in Example 6. 

When the above procedures were completed for 
both the SAP(Val) and SAP(Phe) probes, it was found that 
5 only the SAP(Phe) probe hybridized to any of the 

clones. The reason for this isjiot clear, but it is 
theorized that the antisera used for screening the cDNA 
library was only sensitive enough to detect SAP(Phe). 
This may have been because the SAP(Val) was not present 

10 in large enough quantities in the bovine lung surfactant 
preparation used for immunization to elicit an 
immunogenic response or because the SAP(Val) was less' 
immunogenic than the SAP(Phe). As will be readily 
appreciated by these skilled in the art, this could be 

15 overcome by use of purification and screening of 

polyclonal antisera prior to use or by use of specific 
monoclonal antibodies. 

Another approach which was used was to simply 
screen the cDNA library directly for clones encoding 

20 SAP(Val) using the SAP(Val) oligonucleotide of Example 

6, end-labeled as described above. The cDNA library was 
plated out at approximately 30,000 pfu per 150 mm 
dish. The plates were incubated at 37°C. overnight then 
removed and overlaid with nitrocellulose filters. After 

25 the first set of filters was removed, a duplicate lift 
was made from each plate. Both sets of filters were 
treated as described above, with the following 
changes. ?r ehybr idization was done in 6 X SSPE, 90 mM 
sodium citrate pH 7.6, 2 X Denhardt's, and 500 ug/ml 

30 boiled salmon sperm DNA at 37°C. for 5 hours. 

Hybridization was done in 6 X SSPE, 1 X Denhardt's, 
50 ug/ml boiled salmon sperm DNA with a prcbe 
concentration of 1.5 ng/ml . The filters were hybridized 
at 55°C. for 1 hour then overnight at 37°C. They were 

35 washed in 6 X SSPE 2 times at room temperature and then 
2 times at 37°C. Clones found to hybridize to the probe 
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on both sets of filters were isolated and purified by 
replating and screening at lower densities. 

EXAMPLE 8 

5 

Characterization Of SAP(Val) 
and SAP(Phe) cDNA Clones 

Several clones found to hybridize with either 

10 the SAP(Val) or SAP(Phe) probes were subcloned into the 
EcoRI site of E. coli plasmid puC19 (described in 
Yanisch-Pe.rron et al., Gene , 33 , 108-119 (1985 )) for 
further characterization. The clones selected using the 
SAP(Phe) probe were mapped by restriction analysis, and 

15 then a clone was selected for further characterization 
by sequence analysis. This clone was subcloned into an 
M13 sequencing vector (described by Messing et al . , 
Methods in Enzvmology , 101 , 70-78 (1983) and sequenced 
using M13 oligonucleotide primers according to standard 

20 methodologies as described by Sanger et al . , Proc. Nat ' 1 
Acad. Sci. (USA) , 74, 5463-5467 (1977). E. coli JM103 
of JM109 (Pharmacia, Inc., Piscatawy, NJ) were used for 
growth of pUC plasmid and M13 phage subclones. The 
sequence of this SAP(Phe) clone is shown in FIG. 3. 

25 Underlined in this figure -is the region which 

corresponds to the NH 2 -terminal amino acid sequence for 
human SAP(Phe) shown in Table 3. 

Nucleotide sequence analysis of one SAP(Val) 
clone, designated 334.2, of 0.3 kilobases comprised an 

30 open reading frame predicting close identity to the 

amino acid sequence determined directly from the human 
protein and was used to isolate other clones from the 
same cDNA library, as illustrated in FIG. 4. Sequence 
analysis of nine unique clones resulted in a consensus 

35 sequence predicting a larger polypeptide precursor. 

In FIG. 4, clone 334.2 is the initial SAP(Val) 
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isolate and was used as a probe for re-screening of the 
cDNA library. Clones 311.3 and 13-1 have an 18 base 
pair deletion not seen in clones TP9-1 and TP11-2. In 
FIG. 4: a notched box indicates the valine rich 
5 hydrophobic domain of SAP(Val) clones; "A" denotes 

ApaLl , a restriction endonuclease that cleaves phage x 
DNA infrequently and cuts at the start of the valine 
rich domain of SAP(Val); P=PstI; S=SmaI; a "*" indicates 
a sequence obtained from human lung mRNA directed 

10 dideoxy sequencing utilizing 5' SAP(Val) oligo primers. 

In FIG. 5, the nucleotide sequence was 
determined using overlapping cDNA clones 311.3, 13-1, 
TP11-2, TP9-1 and RJ2-1. -The broken under line 
indicates sequence from mRNA directed dideoxy sequencing 

15 using RJ2-1 as a primer that is present from sequence of 
the first exon of the SAP(Val) genomic clone VG519. 
Solid underlined amino acid sequence obtained directly 
on human SAP(Val) protein. The predicted sequence and 
obtained sequence match at 16 or 17 amino acids, the 

20 difference being His 32 instead of Asn. Overlined DNA 
sequence is the 18 bp sequence that is absent in cDNA 
clones 311.3 and 13-1. 

The Ile-Pro-Cys-Cys peptide was found within 
the reading frame of a larger polypeptide suggesting 

25 that the hydrophobic peptide of M r =4 , 000-7 , 000 arises 
from proteolytic processing of a precursor protein at 
both the amino- and carboxy-terminus . 

Full length cDNAs were not detected within 
this human lung library. RNA sequencing and analysis of 

30 genomic DNA were therefore utilized to predict the 
complete SAP(Val) mRNA. 



35 
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A direct nucleotide sequence of SAP(Val) RNA 
was derived from human lung RNA. Dideoxynucleot ide RNA 
sequencing was done by a modification of one procedure 
described by Geliebter et al., Proc. Nat'l Acad. Sci. 
5 (USA) , 83, 3371-3375 (1986). An oligonucleotide primer 
specific for the 5' terminus of SAP(Val) cDNA was 
synthesized and end-labelled. Poly (A) + mRNA (6 yg ) and 
[ 32 P ] labelled primer (5 ng ) were heated at 80°C for 3 
minutes in 10 ul of annealing buffer (0.25 M KC1, 10 mM 
10 Tris, pH 8.3) and then allowed to anneal for 45 minutes 
at 50°C. 

RNA template rprimer solution (2 ul) was added 
to 3.3 yl of transcription buffer (24 mM Tris pH 8.3, 16 
mM MgCl 2 f 8 mM di thiothreitol , 0.4 mM dATP, 0.4 mM dCT? , 

15 0.4 mM dTTP, 0 . 8 mM dGTP, 100 ug/ml actinomycin D) 
containing 5 units of AMV reverse transcriptase 
(Amersham) and 1 ul of one dideoxynucleot ide 
triphosphate ( 0'. 5 mM ddGTP , 0.285 mM ddATP, 1 . 0 mM 
ddTTP, or 0.15 mM ddCTP). The reactions were incubated 

20 at 50°G for 45 minutes, heated at 80°C for 3 minutes in 
loading buffer (10 mM EDTA, 0.2% bromphenol blue, 0.2% 
xylene cyanol in 100% formamide), then loaded onto a 
sequencing gel. 

•Analysis after autoradiography revealed that 

25 the RNA sequence overlapped with the cDNA sequence and 
ended at a clear stop. 

The SAP(Phe) cDNA clones isolated by antibody 
screening and oligonucleotide hybridization were 
incomplete on the 5' and 3' ends. Several of these cDNA 

30 clones were used as hybridization probes to isolate 
additional cDNA clones from the library. Sequence 
analysis of one of these clones showed it to be complete 
on both 5' and 3' ends. This sequence is shown in FIG. 
6. The SAP(Phe) transcript encodes a precursor protein 

35 of approximately 42 kilodaltons. 

In order to determine the exact 5' end of the 
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transcript, SI nuclease mapping was performed using with 
a fragment from the 5' end of the SAP(Phe) genomic clone 
described in Example 11. Probes were prepared and SI 
nuclease protection was done by the method of Kay et 
5 al., Mol. Cell. Biol. 6, 3134-3143 (1986). In addition, 
adult human lung poly(A) + RNA was sequenced directly as 
described above. Both the SI mapping and the direct RNA 
sequencing identified the 5' end as shown in FIG. 6. 

The hydrophobic regions of SAP(Phe) and 

10 SAP(Val) as shown in FIGS. 3 and 5 in- parentheses are 
somewhat homologous. Although these two proteins are 
encoded by distinct genes, it is believed that they are 
structurally related. Therefore, these proteins may be 
members of a family of related proteins which bind 

15 phospholipids and are useful in surfactant replacement 
therapy and diagnosis. 

EXAMPLE 9 

20 Expression of LacZ/SAP ( Phe ) 

Fusion Protein in E.coli 



The SAP (Phe) cDNA clone shown in FIG. 3 was 
inserted into the EcoRI site of plasmid pUC9 in the same 

25 orientation as the lac Z gene. The reading frame was 
then altered by cutting the plasmid DNA with the 
restriction enzyme Sail, then filling in the ends with 
T 4 polymerase and deoxynucleot ides . This resulted in 
the insertion of 5 nucleotides within the lacZ gene 

30 upstream from the site of the fusion with the SAP(Phe) 
cDNA. This then led to the production of a 
lac Z/SAP ( Phe ) fusion product, which contains 
approximately 2400 daltons of lac Z at the NH 2 -terminal 
end of the SAP(Phe) gene product. FIG. 7 shows a 

35 schematic diagram of this construction. 
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EXAMPLE 10 

Testing of Fusion Protein 
With SAP(Phe) Polyclonal Antisera 
E. coli strain JM109 containing the plasmid 
described in Example 9 was grown. up at 37°C. until the 
optical density at 600 nm reached 0.5, then IPTG was 
added to a concentration of 1 mM. The cells were grown 
for an additional 3-4 hours at 37°C. then pelleted and 
resuspended in l/15th volume lysis buffer (62.5 mM Tris 
pH 6.8, 2% SDS, 10% glycerol, 5% B-mercaptoethanol, 
0.1 mg/ml bromphenol blue). The samples were boiled for 
5 minutes and loaded on a 12.5% Laemmli electrophoresis 
gel (Laemmli, Nature , 227 , 680-685 (1970). After the 
gel was run, the proteins were transferred to 
nitrocellulose essentially by the method of Towbin et 
al., Proc. Nat'l Acad. Sci. (USA) , 76, 4350-4354 
(1979) . 

The nitrocellulose filter was preblocked in 
TBS containing 50 gm/1 powdered milk at room temperature 
for 1 hour, then incubated with the preabsorbed antisera 
described in Example 5 at a dilution of 1:1000 at room 
temperature overnight. After this, the filter was 
washed 2 times in TBS, then incubated with GAR-HR? at a 
dilution of 1:2000 for 1 hour at room temperature. 

A color reaction was developed as described in 
Example 5. FIG. 7 shows results of this test. Lane 3 
contains the lacZ/SAP ( Phe ) fusion protein, while lane A 
contains protein from cells containing the plasmid which 
had not undergone the fill-in as described in 
Example 9. The SAP(Phe) antisera of Example 5 
recognized proteins of 32,000-34,000 daltons in 
molecular weight which is in agreement with the 
predicted size of the translation product from the open 
reading frame of the SAP(Phe) clone plus the 2400 daiton 
portion of lac Z . 
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Southern blot analysis of genomic DNA after digestion 
with various restriction endonucleases . Southern blot 
analysis was performed using random primer labelled 
probes labelled with the random primer labelling 
5 technique (Pharmacia, Inc., Milwaukee, Wisconsin) 
hybridized with the DNA in 5 X SSC , 5 X Denhardt's 
solution, 0.1% SDS at 65°C. The nitrocellulose filters 
were washed twice (5 minutes each) at room temperature 
in 2 X SSC, 0.1% SDS, then twice in 2 X SSC, 0.1% SDS at 

10 65°C. and four times in 0.2 X SSC, 0.1% SDS at 65°C. 

(20-30 minutes per wash). DNA fragments were subcloned 
into M13 vectors for dideoxy sequencing. 

An oligonucleotide based on the overlapping 
sequence was synthesized and utilized to locate this 5' 

15 exon from genomic DNA encoding SAP(Val): 5 ' A-G-C-A-A-G- 
A-T-G-G-A-T-G-T-G-G-G-C-A-G-3 ' . Sequence from the 5' 
coding region of genomic clone XVG519 overlapped exactly 
with the direct RNA sequence and the 5' cDNA 
sequences. This genomic sequence is in the first exon 

20 of the SAF(Val) gene located 30 base pairs downstream 

from a consensus TATAA sequence further identifying the 
5' untranslated region of the SAP(Val) RNA. 

The 5' untranslated portion of the mRNA 
contains a potential initiation site which fits the 

25 criteria for a mammalian ribosomal binding site. There 
are two potential ATG start sites (bases 26 and 53) at 
the 5' end of the mRNA, the more 3' one most closely 
meeting selection criteria. The 3' end of several cDNAs 
demonstrates a polyadenylat ion addition sequence 

30 predicting the end of SAP(Val) RNA. Two distinct 

classes of cDNA were isolated which encode the SAP(Val) 
active region, the predicted mRNA differing in the 
coding region 3' to the active M r =4 , 000-7 , 000 peptide, 
wherein a deletion of 18 base pairs may result in two 

35 distinct polypeptide precursors differing by six amino 
acids. However, this deletion does not arise from 
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nucleotide differences in the 2 types of genomic clones 
isolated for SAP(Val). Both clones contain the 18 base 
pair sequence deleted in one class of cDNA. This 
deletion may arise by alternative splicing, as there are 
5 2 sets of sequences which conform to intron-exon splice 
sites just before and after the 18 base pairs in the 
genomic clones. 

The deleted sequence is located at the start 
of exon 5 and is preceeded by six nucleotides (TTCCAG) 
10 which are also found at the end of exon four. Sequences 
at the 5' proximal end of exon five show two sets of 
sequence that conform to an intron-exon splice site 
consisting of a 1-0-15 base pair polypyr imidine tract 
followed by the dinucleotide AG, signaling the end of 
15 intronic sequence. The base pairs ( CTCACTTCCTACATTCC ) 
comprise a 17 base pair tract preceeding the AG of the 
major cDNA species. A second sequence (TGCTCTCTGC) 
preceeds the AG at the end of the deleted 18 base pair 
seauence and may represent an alternate splice site to 
20 account for the two observed SAP(Val) cDNA clones. If 
solicing occurs by a scanning mechanism, then this 
downstream alternate site may be less favored and result 
in the minor species lacking the 18 bp of cDNA. Only 
two of the nine SAP(Val) cDNAs detected during cDNA 
25 cloning contained this 13 base pair deletion. In 

summary, it appears that the 13 bp cDMA deletion arises 
from alternative splicing. It remains possible that the 
18 base pair deletion resides in an allele of the 
SAP(Val) genes not detected in the present study. 
30 Restriction enconuclease mapping of twelve 

clones identified by hybridization with SA?(Vai.) cDMA 
clone 334.2 demonstrated two distinct patterns cf DMA 
fragments. Seven clones were represented by clone 
WG519 and five clones were represented by clone 
35 WG524. Restriction endcnuclease fragments containing 
SAP(Val) coding regions were identified by their 
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hybridization with cDNA clone 334.2. A distinct 1.8 kb 
Hindlll/EcoRI hybridizing fragment was identified in 
clone XVG519, while, a 4 kb Hindlll hybridizing fragment 
was identified in clone XVG524. Both bands were reduced 
5 by 250 bp after digestion with ApaLl which cuts the 
SAP(Val) cDNAs in the region encoding the active 
hydrophobic peptide. Thus, these preliminary analyses 
delineated the restriction endonuclease fragments 
encoding SAP(Val) and were consistent with the 
10 restriction analysis of the cDNA clones encoding 
SAP( Val) . 

The restriction map and organization of the 
two SAP(Val) clones are represented in FIG. 9. In FIG. 
9, The first two lines are restriction endonuclease maps 

15 of XVG519 and XVG524 representing two classes of 

restriction enconuclease patterns identified from the 
genomic clones. The third line is expanded from the 
second line and represents sequences in and near the 
gene for XVG524. Overbrackets identify sequences 

20 hybridizing to the SAP(Val) cDNA probe (exons 2-5). An 
ApaLl restriction site identifies the polyvaline 
domain. Restriction enconuclease sites are represented 
by the following letters: A = ApaLl; H = Hindlll; B = 
BamHI; E = EcoRI ; K = Kpnl; and S = Smal. Line C 

25 indicates the relative position of exons of SPL(Val). 
Open blocks indicate untranslated exons; dark blocks 
indicate translated exons. 

The flanking regions of the genomic clones 
contained restriction site differences identified with 

30 Smal, Hindlll, and BamHI restriction enzymes. 

Restriction maps of the two classes of SAP(Val) genes 
were readily distinguishable by this analysis. 3oth 
SAP(Val) genes were composed of 6 exons and 5 introns 
from TATAA to the end of the 6th exon. The two SAP (Val) 

35 genes demonstrated few but clear differences in 
nucleotide sequence, as illustrated in FIG. 10. 
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In preparing FIG . 10, nucleotide sequence 
analysis was performed as described by Brunner et al., 
Biochemistry , 25, 5028-5035 (1986). Base pairs are 
numbered with +1 indicating the transcription initiation 
5 site determined as described above. Nucleotides 3' to 
this site are labelled as (+) and 5' nucleotides are 
labelled as (-). The overlined sequence TGACGTCA 
represents a potential cAMP recognition sequence; the 
sequences TCACCTCT and TATAA representing consensus 

10 promoter and sequences are overlined.- Alternative 

donor/acceptor splice sequences are overlined at the 5' 
end of exon 5. The differences in sequence between 
WG519 and xVG52-4-are shown by asterisks, dashes, and 
letters above the XVG519 - sequence representing 

15 nucleotide insertions, deletions or substitutions, 
respectively . 

Part of the first, fifth and the entire sixth 
exons of SAP(Val) are untranslated. The M r =22 f 000 
polypeptide precursor is encoded by exon 2, 3, 4, and 

20 5. The most hydrophobic region of the peptide 

(beginning NH 2 -Ile-Pro-Cys-Cys-Pro-Val . . . ) is located 
within exon two which encodes a peptide of 44 amino 
acids. 

Because complete cDNAs encoding SAP(Val) were 
25 not identified, RNA directed sequencing was performed to 
identify the nucleotide sequence from the available cDNA 
sequence to the transcription initiation site. A strong 
reverse transcriptase stop was detected in the Re- 
directed sequence analysis. It is inferred that this 
30 demonstrates the site of transcription initiation. 

To identify the 5 1 untranslated exon and 
upstream flanking sequences of the SAP(Val) genes, an 
oligonucleotide ( 3 ' -CAGCCAGATGGATGTGGGCAG-5 ' ) spanning 
the 5 '-most cDNA and eight base pairs of extended RNA 
35 directed sequence was synthesized and used to analyze 
Southern blots of XVG519 and XVG524. Identical 
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restriction fragment patterns were detected in both 
classes of genomic clones with this oligonucleotide 
after digestion with Kpnl and KpnI/Hindl II . The 1.8 kb 
Kpnl and 1 . 1 kb KpnI/Hindlll fragments were sequenced 
5 and found to include nucleotide sequences from the 5'- 
most cDNA clone (clone RJ2-1) and the 5' nucleotide 
sequence derived from mRNA-directed sequence analysis. 

A consensus promoter sequence TATAA was 
located 30 base pairs 5' to the predicted transcription 

10 initiation site in both clones. As used throughout the 
present application, distances are given with respect to 
the location of the 3' end of the sequence being 
discussed. The sequence TCACCTCT nearly matches a 
consensus eucaryozic promoter sequence TCAATCT in 6 of 7 

15 nucleotides Breatnach et al., Ann. Rev. Biochem. , 50 , 
349 (1981). It was located 55 nucleotides upstream of 
the transcription initiation site. A sequence, 
TGATGTCA, was located 504 base pairs upstream from the 
transcription initiation site and matches' the sequence 

20 TGACGTCA in 7 of 8 base pairs. This latter element 
comprises a sequence previously associated with cAMP 
responsivity [Montminy et al . , Proc. Nat 1 1 Acad. Sci. 
( USA) , 83 , 6682-6686 (1986)]. Consensus sequences 
previously recognized as cor ticos teroid-r esponsi ve 

25 elements were not detected in these clones, although 
glucocorticoid enhanced SAP(Val) expression in organ 
culture of fetal lung. 

The predicted protein sequence of the exons 
encoded by the XVG519 and XVG524 were identical. No 

30 differences were observed in the first five exons of the 
SAP(Val) gene and three nucleotide differences were 
detected in the sixth exon, which is untranslated. A 
high degree of homology was observed even in the introns 
of the SAP(Val) genes which varied by only 1%. 

35 Hydropathy analysis of the predicted SAP(Val) 

precursor peptide demonstrates that the hydrophobic, 



WO 88/03170 PCT/US87/02536 



potentially membrane-associated domain of the M r =22,000 
precursor protein is contained within the second exon of 
both SAP(Val) genes. The predicted peptide domain 
derived from exons three and four are rich in charged 
5 amino acids which are not compatible with the amino acid 
composition of the SAP(Val) preparations. The location 
of the C-terminus of SAP(Val) peptide is suggested by 
its migration with markers of M r =4 , 000-7 , 000 and by its 
hydrophobic properties, including its association with 

10 lipids and its solubility in organic solvents, all of 

which are consistent with its derivation primarily from 
the peptide encoded by the second exon. Proteolytic 
processing in both amino and carboxy termini may account 
for the generation of the smaller peptide detected in 

15 pulmonary surfactant. 

No homology was noted between the 5' region of 
SAP(Val) and a published SAP-35 genomic clone. 

The nucleotide sequence of XVG519 and XVG524 
were entirely conserved in the amino acid coding 

20 region. The genomic sequences were identical to the 

SAP(Val) cDNA except for a single nucleotide difference 
in exon 5 in which leucine is encoded by CTG rather than 
the TTG observed in the cDNAs. Nucleotide differences 
were noted in only those exons encoding the 3" 

25 untranslated regions. Nucleotide sequence difference 

frequencies (1-2%) were similar in both introns and the 
5' and 3' flanking sequences available for analysis 
(approximately 500 base pairs from the TATAA) . The 5'- 
most fragment of XVG519 (600 bp Hindlll fragments) was 

30 not present in XVG524 by Southern blot hybridization, 

demonstrating a difference in flanking sequence in that 
region . 

The nearly complete conservation of the 
nucleotide sequence in the exons, the small divergence 
35 in the introns, and the differences in restriction 

mapping of the 3' and 5' regions are most consistent 
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with the interpretation that the SAP(Val) genomic clones 
represent two distinct gene loci encoding SAP(Val). 
However, these differences may be due to allelic 
variation. 



entire SAP(Val) precursor was deduced from the cDNA 
clones, RNA sequencing and the genomic DNA. The 
precursor comprises 188 or 197 amino acids depending on 
assignment of the N-terminal methionine {or 182 or 191 

10 with the deletion) representing a 21,000 Dalton 

polypeptide. The size of the predicted polypeptide is 
consistent in size with the hybrid selected 
translation product of M r =22,000. There was no 
discernable signal peptide at the amino terminus and the 

15 precursor polypeptide contain no asparagine-linked 
glycosylation sites, contrasting with the SAP(Phe) 
precursors which contain one or two potential 
asparagine-linked glycosylation sites. The SAP(Val) 
peptide begins at Gly 2 5 or Ile 2 g and the domain 

20 including amino acids Leu 37 to Ser gl is compatible with 
a membrane-associated or spanning domain of 25 amino 
acids. This region contains the repeated valine 
residues. The precise C-terminus of SAP(Val) has not 
been identified directly and numerous attempts to 

25 isolate proteolytic or CNBr fragments of the canine or 
bovine proteolipid have been unsuccessful. 



support a tentative conclusion that the C-terminus is 
His-Thr, i.e. that SAP(Val) may comprise Gly or lie to 
30 His{65) for a total of 40 or 41 amino acids. 



bovine and canine proteolipid preparations was greater 
than 90% SAP(Val) in multiple determinations. The 
predicted amino acid sequence of an M r =4 , 000-7 , 000 
35 peptides from the human cDNA predicts a hydrophobic 
peptide lacking in phenylalanine and tyrosine. In 



5 



The predicted amino acid sequence of the 



However, NMR studies of bovine SAP(Val) 



The N-terminal amino acid sequences of the 
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contrast, tyrosine and phenylalanine are present in the 
amino acid sequence of the small molecular weight 
hydrophobic surfactant protein, human SAP(Phe). Lack of 
phenylalanine and tyrosine also distinguishes SAP(Val) 
5 from SAP(Phe) and from small molecular weight surfactant 
proteins previously reported. 

It is believed that genomic sequences further 
the ability to clone and express SAP(Val) genes, e.g. by 
providing regulatory sequences which may be particularly 
10 useful for regulating expression. 

EXAMPLE 13 

SAP(Val) Poly ( A" 1 ") RNA Sequencing 

15 

SAP(Val) cDNA clones isolated by 
olignucleotide hybridization were incomplete on the 5' 
and 3' ends. Additional clones were isolated using 
SAP(Val) cDNA for the hybridization probe. Several were 

20 found to be complete on the 3' end, but none on the 5" 
end. Two distinct classes of SAP(Val) cDNA were 
detected by sequence analysis, differing by the absence 
of 18 nucleotides in the 3' coding region of some 
cDNAs. The complete 5' sequence was determined by 

25 direct sequencing of adult human lung poly(A) + RNA and 
by SI nuclease mapping of a 5 * fragment from a SAP(Val) 
genomic clone as described for SAP(Phe). The complete 
sequence including the 5* end identified by these two 
methods is shown in FIG. 5. The SAP(Val) transcript 

30 encodes a precursor protein of approximately 21 
kilodatons . 
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EXAMPLE 14 

Chromosomal Location of SAP(Val) Gene 

5 A [ 32 P]-labeled SAP(Val) cDNA clone was 

hybridized to DNA obtained from the mouse-human 
chromosomal panels. The [ 32 P ] -labelled SAP(Val) clone 
was hybridized to mouse-human chromosomal hybrids 
containing all human chromosomes as previously 
10 characterized. Hybridization was only observed with 
hybrids containing chromosome 8. 

EXAMPLE 15 

15 SAP(Val) Northern Blot Analysis 

Poly (a) + RNA was prepared and isolated by 
oligo (dT) cellulose chromatography from a fetal lung at 
19 weeks gestation and human adult lung. Adult and 

20 fetal lung tissue was homogenized in buffer containing 4 
M guanidine thiocyanate, 0.5% N-lauroyl sarcosine, 20 mM 
sodium citrate, 0.1 M s-mercaptoe thanol and 0.1% 
antifoam A. RNA was extracted by cent r if ugation through 
a cushion of 5.7 M cesium chloride [Hsu et al., 

25 Histochem, Cytochem. , 2_9, 577-580 (1981)]. The RNA 

pellet was dissolved in water, extracted with phenol and 
chloroform, and precipitated with ethanol. The amount 
of RNA in an aqueous solution was determined by optical 
density at 260 nm. 

30 RNA (5yg) was separated on 1.2% agarose, 7% 

formaldehyde gels, transferred to nitrocellulose and 
hybridized [Weaver et al., J. Appl. Physiol. , 61 , 694- 
700 (1986)] with [ 32 P ] SAP ( Val ) DNA clone 334.2 (1.4 x 
10° cpm/ml, approximate specific activity 4 x 10 8 

35 cpm/ug), washed and exposed to Kodak XAR-film at -70°C 
overnight . 
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Northern blot analysis of human lung RNA using 
a SAP(Val) cDNA probe as shown in FIG. 11 detected an 
approximately 0.9 kilobase RNA, distinct from that of 
SAP(Phe) or SAP-35 [Glasser, Proc. Nat'l. Acad., Sci . 
5 (USA) , 84 , 4007-4011 (1987); and Whitsett et al., 

Biol. Chem. , 262 , 5256-5261 (1987)]. SAP(Val) RNA was 
less abundant in human fetal lung (approximately 19-20 
weeks of gestation) than in adult lung. The finding 
that the RNA for SAP(Val) is de velopmentally regulated 
10 is consistent with the possible role of SAP(Val) in 

surfactant function required for perinatal adaptation to 
air breathing at birth. 

EXAMPLE 16 

15 

Hybrid Arrest Translation 

Approximately 5 ug of EcoRl restricted 
SAP(Val) cDNA was heat denatured at 100°C for 10 minutes 

20 and hybridized with 5 ug of human lung RNA for 2 hours 

at 50°C in 80% formamide, 10 mM Pipes, (pH 6.4), 0.25 mM 
EDTA and 0.4 M NaCl. Hybridization was terminated by 
the addition of 200 ul H 2 0 and 25 ug yeast tRNA. The 
solution was divided into two samples, one of which was 

25 melted at 100°C for 1 minute followed by rapid chilling, 
and the other which was preserved in hybrid form. Both 
samples were precipitated in ethanol and translated in a 
wheat germ transcription assay (Promega Biotec, Inc.) in 
the presence of 50 yCi [ 3 5 S ] -methionine (New England 

30 Nuclear). The proteins were immunopr ecipitated with 

anti-bovine surfactant proteolipid antiserum subjected 
to 11% SDS-PAGE, transferred to nitrocellulose and 
subjected to autoradiography. 

Hybrid arrested translation and 

35 immunoprecipitat ion with antiserum generated against 
bovine proteolipid resulted in complete arrest of a 
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single M r =22,000 polypeptide, as shown by the 
autoradiograph gels illustrated in FIG. 12. The 
M r =22,000 peptide detected by hybrid arrested 
translation of human lung RNA was consistent with that 
5 predicted from the cDNA encoding SAP(Val) further 

distinguishing it from SPL(Phe) and SAP-35 polypeptide 
precursors of Mr=40,000 and M r =26,000 respectively. 

EXAMPLE 17 

10 

Expression of SAP(Val) in E. coli 



A E_;_ coli expression vector has been developed 
for expression of heterologous proteins as fusions with 

15 the E_;_ coli protein CMP-KDO synthetase (CKS) [Goldman et 
al., J. Biol. Chem. , 261 , 15831-15835 (1986)]. This 
vector was deposited including a SAP(Val) insert as ATCC 
Deposit No. 67517, on September 29, 1987, with the 
American Type Culture Collection, 12301 Parklawn Drive, 

20 Rockville, Maryland 20852. The plasmid is a derivative 
of pWMlll[Mandecki et al., Gene , 43, 131-138 (1986)] 
from which the EcoRl-Hindlll fragment containing the 
promoter, operator, ribosome binding site, and C5A gene 
have been replaced with corresponding ones for CKS. The 

25 CKS gene is under the control of a wild type lac 

operator and a modified lac promoter, designated lacP- 
T9-D. The -9 position has been changed from G to T, and 
there is a 1 nucleotide deletion in the spacer region 
between the -35 and -10 regions. The plasmid also 

30 contains the trpA Rho-independent transcription 

terminator [Christie et al., Proc. Nat'l. Acad. Sci. 
(USA) , 78, 4180-4184 (1981)] at the 3' end of the CKS 
gene. In addition, there is a linker region at the 3' 
end of the CKS gene which contains multiple restriction 

35 sites as well as an in-frame Asp-Pro. The peptide bond 
between Asp and Pro is acid-labile 5s described by 
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Landon, Meth. Enzymol. , 47, 145-149 (1977). Under 
induced conditions (1 mM IPTG) when no insert is 
present, the CKS protein accumulates to levels >50% of 
the total cellular protein as shown in FIG. 13, lane 4. 
5 In FIG. 13, a 10% SDS-PAGE stained with 

Coomassie brilliant blue is illustrated in which: lane 1 
contained pre stained high molecular weight standards 
(BRL Life Technologies, Gai thersburg , Maryland); lane 2 
contains E. coli total cell lysate (no plasmid); lane 3 

10 contains E. coli total ceil lysate with CKS/SAP(Val) 

expressed; and lane 4 contains E^ coli total cell lysate 
with CKS alone expressed. . 

A DNA fragment containing the SAP(Val) cDNA 
was inserted into the multiple cloning site of this 

15 vector at the 3' end of the CKS gene. The two coding 
regions are in the same frame, so that expression 
results in a fusion protein containing the CKS protein 
and the entire SAP(Val) proprotein. The fusion protein 
is 48.7 kDal; 27.4 kDal from CKS and 21.3 kDal from 

20 SAP(Val). There is one Asp-Pro at the fusion junction 
between CKS and SAP(Val) and one located 20 amino acids 
in from the C-terminal end of SAP(Val). When a culture 
of cells containing this plasmid is grown under induced 
conditions, the CKS/SAP(Val) protein represents 

25 approximately 2-5% of the -total protein as shown in FIG. 
13, lane 3. The cells may be lysed by a variety of 
methods, one example being the use of lysozyme, sodium 
deoxycholate, and sonication as described in Marston et 
al., Bio/Technology , 2, 800-804 (1984). When lysed by 

30 this method, the CKS/SAP(Val) protein is in the 

insoluble pellet and may be purified away from the bulk 
of the Ej_ coli proteins. The CKS/SAP(Val) protein 
represents >60% of the total insoluble protein as shown 
in FIG. 14, lanes 2 and 3. 

35 FIG. 14 illustrates a 12.5% SDS-PAGE stained 

with Coomassie brilliant blue in which: lane 1 contains 
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pre stained high molecular weight standards ( BRL Life 
Technologies, Gai thersburg, Maryland) lane 2 contains 1 
yl of insoluble protein preparation; lane 3 contains 5 
ul of insoluble protein preparation; and the arrow 
5 indicates CKS/SAP(Val) fusion protein. 

Several conditions for acid cleavage of Asp- 
Pro bonds have been described by~ Szoka et al., DNA, S, 
11-20 (1986), and others. One example is the use of 70% 
formic acid for 24-48 hours at 37°C. When the isolated 

10 protein is treated in this way, the resultant nearly 

full-length SAP(Val) proprotein is insoluble and can be 
recovered by extraction with organic solvents. 

Similar constructions can be made using the 
SAP(Val) or SAP(Phe) active regions alone. For example, 

15 the SAP(Val) active region, as encoded by nucleotides 
100-222 of FIG. 5, may be assembled using synthetic 
oligonucleotides and inserted into the CKS expression 
vector. This construction can be designed with an Asp- 
• Pro at the N-terminus of the active region. Acid 

20 cleavage at this bond would generate SAP(Val) containing 
an extra Pro at the N-terminus. As an alternative, 
assuming that the first 3 amino acids are Gly-Ile-Pro, 
one may replace the Gly-Ile with Asp such that acids 
cleavage would leave the SAP(Val) active region minus 

25 the first 2 amino acids. An alternative cleavage method 
using hydroxylamine might also be employed. This 
chemical cleaves at the peptide bond between Asn and Gly 
as discussed in Bornstein et al . , Meth . Enzymol . , 47 , 
132-145 (1977). Assuming that the SAP(Val) N-terminal 

30 amino acid is Gly, this cleavage method yields intact 
SAP(Val) . 
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EXAMPLE 18 

Expression of SAP(Val) and 
SAP(Phe) in Mammalian Cells 

SAP(Val) or SAP(Phe) genomic or cDNA may be 
inserted into, for example, a mammalian expression 
plasmid adjacent to the herpes simplex type I (HSV) 
thymidine kinase (tk) promoter. This plasmid is then 
added to 1 ml HeBS {8 gm/1 NaCl, 0.37" gm/1 KC1 , 0.25 
gm/1 Na 2 HP0 4 -12 H 2 0, 1 gm/1 dextrose, 5 gm/1 Hepes 
buffer pH 7.1), and mixed well. 2 . 5M CaCl 2 is added to 
the mixture to a final concentration of 0.125 M while a 
gentle stream of air is bubbled through the mixture 
during the addition of the CaCl 2 and for an additional 
30 seconds. The DNA is then allowed to precipitate for 
30 minutes at room temperature and then 0.5 mis of the 
DNA suspension is added to 25 cm 2 dishes of baby hamst.er 
kidney cells, for example, or other mammalian cells of 
choice. Four hours after addition of the DNA, the 
culture medium is removed, the cells washed 1 time with 
Eagle's medium containing 5% fetal calf serum (EC-5), 
and 1 ml 25% dimethyl sulfoxide (DMSO) in He3S is added 
to each dish for 4 minutes at room temperature. The 25% 
DMSO is then removed, the .dish is washed 2 times with 
EC-5, and the cells are then incubated in EC-5. Twenty- 
four hours after addition of DNA, the cells are infected 
with KSV {10 pfu/cell) and the infection allowed to 
proceed for 48 hours. The expressed SAP(Val) or 
SAP(Phe) protein is then isolated from the culture 
fluids by, for example, immunopr ecipi tation and assayed 
by, for example, SDS-PAGE. 

Genes encoding SAP(Phe) or SAP(Val) may also 
be expressed in any suitable expression system well- 
known to those skilled in the art. Examples of such 
expression systems include E. coli , Bacillus , yeast, 
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baculovirus or other mammalian cell expression 
systems . 

The sequences shown in FIGS. 3, 5, 6, 8B and 
10 indicate that the SAP(Phe) and SAP(Val) are derived 
5 from larger precursor proteins. It is believed, based 
upon a best current estimate of molecular weight of 7500 
to 7800 daltons, that a 75-80 residue active portion of 
the larger precursor protein of SAP(Phe) is encoded by 
the nucleotide region shown in brackets in" FIG. 6. 

10 Similarly, it is believed, based upon.NMR (NOESY-COSY) 
analysis of bovine SAP(Val), that the active portion of 
the larger precursor protein of SAP(Val) is encoded by 
120 or 123 nucleotides, depending upon assignment of N— 
terminus as lie or Gly, respectively. This nucleotide 

15 region is shown in brackets in FIG. 5. Therefore, it 
should be apparent to those skilled in the art that 
expression' of either SAP(Val) or SAP(Phe) may be 
accomplished through expression of the DNA encoding the 
larger precursor proteins followed by a processing step 

20 to further isolate the active portion of, these 
proteins . 

Alternatively, one skilled in the art 
recognizes that another approach for producing SAP(Val) 
or SAP(Phe) proteins is to express smaller regions of 

25 DNA encoding portions of the larger precursor 

proteins. For example, the region encompassing 
nucleotides 627-851 shown in brackets in FIG. 6 may be 
selected for expression of a 75 amino acid polypeptide 
which is homologous to SAP(Phe) at the NH 2 -terminal end 

30 and has an approximate molecular weight of 7500 
daltons. 

It is also apparent to those skilled in the 
art that the genes encoding SAP(Phe) or SAP(Val) or 
portions of these genes can be made by chemical or 
35 enzymatic synthesis. Further, it should be apparent 

that deletion, • substitution, or addition analogs of such 
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genes or portions of such genes may be made by 
techniques well known to those skilled in the art. 
Therefore, it should be understood that SAP(Val) or 
SAP(Phe) genes or portions thereof, whether isolated 
5 from genomic or cDNA libraries or made by chemical 

synthesis, and the proteins arising from expression of 
these genes, are well within the contemplation of this 
invention . 

10 

EXAMPLE 19 

Synthesis Of A Polypeptide 
Based on Canine SAP(Val) 

15 

A polypeptide having the following sequence, 
NH 2 -Tyr-Ile-?ro-Cys-Phe-Pro-Ser-Ser-Leu-Lys-Arg-Leu-Leu- 
Ile-COOH, was synthesized to provide a replica of the - 
initial 13 NH 2 -terminal amino acid residues of canine 

20 SAP(Val) and to include a terminal tyrosine residue 
allowing for potential labeling with 125 I. This 
polypeptide was assembled on a resin support by stepwise 
solid phase synthesis (starting with the carboxy 
terminal residue) according to the general procedure 

25 described in Barany et al., The Peptides , 2, Gross et 
al., eds., Academic Press, New York, 1284 (1980). A 
30C-L-Ile-OCK 2 -?am resin was transferred to a reaction 
vessel on an Applied Biosystems Synthesizer, Model 
430A. 

30 Protected amino acids were coupled in a 

stepwise manner to the resin support by preformed 
symmetric anhydride chemistry, except in the case of 
arginine addition, wherein the DCC/HOBT protocol [Konig 
et al., Chem. 3er. , 103 , 788-798 (1970)] was employed. 

35 All NH 2 -terminal residues were protected by t-butyloxy 
carbonyl (t-3oc) linkage, and side chains of various 



WO 88/03170 



PCT/US87/02536 



- 82 - 

WHAT IS CLAIMED IS: 

1. A purified and isolated DNA sequence 
encoding SAP(Val). 

5 

2. A purified and isolated SAP(Val) nucleic 
acid described by a nucleotide sequence selected from 
the group consisting of: 

the nucleotide sequence as illustrated in FIG. 
10 5 or FIG. 10; 

a nucleotide sequence comprising 20 sequential 
nucleotides in the nucleotide sequence illustrated in 
FIG. 5 or FIG. I0-; 

a nucleotide sequence describing a nucleic 
15 acid which hybridizes with 20 sequential nucleotides in 
the nucleotide sequence illustrated in FIG. 5 or FIG. 
10; 

a nucleotide sequence describing a nucleic 
acid which would hybridize with 20 sequential 
20 nucleotides in the nucleotide sequence illustrated in 

FIG. 5 or FIG. 10 but for the redundancy of the genetic 
code ; and 

a nucleotide sequencs encoding an epitope 
encoded by 18 sequential nucleotides in the nucleotide 
25 sequence illustrated in FIG. 5 or FIG. 10. 

3. A transformation vector comprising the 
nucleic acid of claim 2. 

30 4. A cell transformed with the vector as 

recited in claim 3. 

5. A method for obtaining purified and 
isolated SAP(Val) comprising the steps of: 
35 culturing a cell as recited in claim 4 in a 

medium and under conditions favorable for expression of 
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SAP(Val); and 

isolating SAP(Val) from the contents of the 

medium. 

6. A purified and isolated SAP(Val) 
substantially free of other human proteins and encoded 
by a purified and isolated nucleic acid described by a 
nucleotide sequence selected from the group consisting 
of: 

the nucleotide sequence as -illustrated in FIG. 
5 or FIG. 10; 

a. nucleotide sequence comprising 20 sequential 
nucleotides in the nucleotide sequence illustrated in 
FIG. 5 or FIG. 10; and 

a nucleotide sequence encoding an epitope 
encoded by 18 sequential nucleotides in the nucleotide 
sequence illustrated in FIG. 5 or FIG. 10. 

7. A SAP(Val) synthetic polypeptide made by 
chemical or enzymatic peptide synthesis. 

8. The synthetic peptide as recited in claim 
7 having the following amino acid sequence: 

Tyr-Ile-Pro-Cys-Phe-?ro-Ser-Ser-Leu-Lys-Arg- 

Leu-Leu-Ile . 

9. The synthetic peptide as recited in claim 
7 having the following amino acid sequence: 

Leu-Ile-Pro-Cys-Cys-Pro-Val-Asn-Ile-Lys-Arg- 

Leu-Leu-Ile-Val-Val-Val-Val-Val-Val-Val-Val . 

10. The synthetic peptide as recited in claim 
7 having the following amino acid sequence: 

Leu-Ile-?ro-Cys-Cys-Pro-Val-His-Leu-Lys-Arg- 
Leu-Leu-Ile-Val-Val-Val-Val-Val-Val-Leu-Ile-Val-Val-Val- 
Ile-Val-Gly-Ala-Leu-Leu. 
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